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Description 

Field of the Invention 

5 [0001] The present invention relates to a carbonaceous or graphitic carbon material which is obtained from a mes- 
ophase pitch as a raw material and which is excellent in heat resistance and chemical stability and has a uniform open 
cell structure and production processes of theses. 

Prior Arts of the Invention 

10 

[0002] Various foam materials, such as a plastic foam, obtained from a resin as a raw material are widely applied to 
heat insulating materials, cushioning materials or the like. In recent years, it is thought to apply foam materials to fields 
requiring various properties not heretofore required such as heat resistance, thermal conductivity, chemical stability, 
electrical conductivity, strength, gas diffusivity, etc. For example, the above fields include a gas diffusion electrode of 

15 a fuel cell, a bipolar plate and the like. However, a conventional foam made of a thermoplastic resin can not be used. 
Accordingly, the use of a thermosetting resin foam, a carbon foam obtained by carbonizing a thermosetting resin foam 
or a foam made or a ceramic is discussed. Since, however, thermosetting resin-based foams form a hard-to-graphitize 
carbon, the thermosetting resin-based foams are poor in oxidation resistance at high temperatures or corrosion resist- 
ance in a chemical reaction and are insufficient in thermal conductivity. Further, foams made of a ceramic are excellent 

20 in oxidation resistance but are very poor in thermal conductivity and electrical conductivity. 

[0003] As a means for providing materials having possibility to satisfy these requirements, one of the present inven- 
tors has newly found that a novel foam material having excellent properties such as high chemical stability, heat re- 
sistance, oxidation resistance, etc., can be produced by controlling the density of a mesophase pitch by means of a 
heat-treatment of the mesophase pitch under the pressurization of an inert gas, and has announced this finding (Prep- 

25 aration, structure and application of mesophase pitches prepared from aromatic hydrocarbons using HF/BF3 as 
catalysts" TANSO 1992 [155] 370-378, 1. Mochida, Y. Korai, K. Shimizu, S-H. Yoon, R. Fujiura.). 
[0004] The above paper describes that, since the density and pore size of a mesophase pitch can be controlled 
according to a pressure or a temperature-increasing rate in a foaming step, no curing and no foaming agent are required 
and that a graphite foam can be produced by heat-treating this carbonaceous foam. 

30 [0005] Further, USP6033506 also discloses a process of producing carbon foam wherein a pitch is heat-treated 
under the application of a pressure of up to 1 ,000 psi (approximately 6.8 MPa) with an inert gas to produce a carbon 
foam. 

[0006] As described above, it has been found that a foam material can be produced by heat-treating a pitch such as 
a mesophase pitch under the pressurization of an inert gas. However, since the nature of a raw material pitch required 

35 for industrially stably producing a foam of which the shape and size of a cell are uniformly. controlled and which has 
excellent properties such as chemical stability, heat resistance and oxidation resistance, is unknown, a pitch designed 
as a raw material for a foam has been not yet provided. Therefore, it is difficult to control the physical properties of a 
foam. Further, nonuniform parts exist in large quantities in a generated foam during the production of a foam so that 
the problem is that the yield of a product decreases as a result. 

*o [0007] That is, it is difficult to industrially stably produce a foam which has a uniform cell structure and various prop- 
erties not hitherto attained, such as heat resistance, thermal conductivity, chemical stability, electrical conductivity, 
strength and diffusivity, from a generally-used conventional pitch with the physical properties of the foam having the 
above properties being controlled. 

[0008] For carrying out a heat-treatment at a high temperature of 500 °C or higher and under a high-pressure con- 
^5 dition of, for example, at least 6 MPa, a special reactor which can endure a high temperature and a high pressure is 
required. Therefore, it is difficult to produce a foam industrially economically. Accordingly, it is required to control the 
nature of a carbon foam such as a bulk density under a low-pressure condition. 

Summary of the Invention 

50 

[0009] It is an object of the present invention to provide a pitch from which a foam having a uniform cell structure 
and various properties not hitherto attained, such as heat resistance, thermal conductivity, chemical stability, electrical 
conductivity, strength, diffusivity, etc., can be industrially stably produced with the physical properties of the foam being 
controlled and provide a carbon foam and a graphite foam satisfying the above properties from the pitch. 
55 [001 0] It is another object of the present invention to provide a carbon foam and a graphite foam which are obtained 
by controlling the nature of a carbon foam having a uniform cell structure and properties such as heat resistance, 
thermal conductivity, chemical stability, electrical conductivity, strength, gas diffusivity, etc., under a low-pressure pro- 
duction condition and the production processes of these. 
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[0011] According to the present invention 1, there is provided a carbon foam which is obtained by heat-treating a 
mesophase pitch whose softening point is 300 °C or less according to an elevated flow tester, whose ratio (Daromatic/ 
Daliphatic) of the absorption intensity of an aromatic C-H stretching vibration, measured with FT-IR, to the absorption 
intensity of an aliphatic C-H stretching vibration, measured with FT-IR, is 4.0 or less and whose optically anisotropic 
5 content is at least 80 %. 

[0012] According to the present invention 1 , further, there is provided a carbon foam as recited above, wherein the 
mesophase pitch has an aromatic carbon index fa value of from 0.80 to 0.97, 
the aromatic carbon index fa value being represented by the formula (1 ), 

10 

fa = 1 -(H/C)/x(1 +(Daromatic/Daliphatic) x 

(ealiphatic/earomatic)) (1 ) 

15 in which (H/C) is an atom ratio of hydrogen to carbon in the pitch, (Daromatic/Daliphatic) is a ratio of the absorption 

intensity of an aromatic C-H stretching vibration, measured with FT-IR, to the absorption intensity of an aliphatic C-H 
stretching vibration, measured with FT-IR, x is an average number of hydrogen bonded to carbon other than aromatic 
carbon (x = 2), and Ealiphatic/earomatic is a specific extinction (= 2). 

[0013] According to the present invention 1 , further, there is provided a carbon foam as recited above, wherein the 
20 mesophase pitch is a pitch obtained by polymerizing a fused polycyclic hydrocarbon or a substance containing a fused 
polycyclic hydrocarbon in the presence of hydrogen fluoride and boron trifluoride. 

[0014] According to the present invention 1, further, there is provided a carbon foam as recited above, which is 
obtained by heat-treating the above mesophase pitch at a temperature of from 400 °C to 800 °C under the application 
of pressure of 0.1 MPa or more with an inert gas. 
25 [0015] According to the present invention 1, further, there is provided a carbon foam which is obtained by further 
heat-treating the carbon foam obtained by the above heat-treatment at a temperature of from 600 °C to less than 2,000 
°C. - 

[0016] According to the present invention 1 , further, there is provided a carbon foam as recited above, which has a 
bulk density of from 0.20g/cm 3 to 0.65g/cm 3 and has a density, measured using helium as a substitution medium, of 
30 from 1 .3 g/cm 3 to 1 .5 g/cm 3 

[0017] According to the present invention 1 , further, there is provided a carbon foam as recited above, which has a 
porosity p of from 50 % to 90 % and an open cell rate of from 90 % to 100 % f 
the porosity p being represented by the formula (2), 

35 

P=:(1-d/Dr) x 100 (2) 

in which d is a bulk density and Dr is a density measured using helium as a substitution medium after the foam 
is pulverized to 1 50 microns or less, 
40 the open cell rate being represented by the formula (3), 

$=D/Drxl00 (3) 

45 in which D is a density measured using helium as a substitution medium and Dr has the same meaning as recited 

above. 

[0018] According to the present invention 1, further, there is provided a graphite foam which is obtained by heat- 
treating the carbon foam recited above at a temperature of 2,000 °C or higher. 

[0019] According to the present invention 1 , further, there is provided a graphite foam as recited above, which has 
so a bulk density of from 0.3 g/cm 3 to 1 .0 g/cm 3 and has a density, measured using helium as a substitution medium, of 
2.0 g/cm 3 or more. 

[0020] According to the present invention 1 , further, there is provided a graphite foam as recited above, which has 
a porosity of from 50 % to 90 % and an open cell rate of from 90 % to 100 %. 

[0021] According to the present invention 2, there is provided a carbon foam which is obtained by heat-treating, at 
55 a temperature of from 400 °C to 800 °C under the application of pressure of from 0.1 MPa to 5 MPa, preferably from 
0.1 MPa to 4 MPa, more preferably from 0.1 MPa to 3 MPa, with an inert gas, at least one mesophase pitch selected 
from the group consisting of the following mesophase pitches a, b, c and d which are obtained by polymerizing a fused 
polycyclic hydrocarbon or a substance containing a fused polycyclic hydrocarbon in the presence of hydrogen fluoride 
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and boron trifluoride as catalysts, 

a. a mesophase pitch having an aromatic carbon index fa value of from 0.90 to 0.97, which mesophase pitch is 
obtained by removing the catalysts after the polymerization and then heat-treating the resultant pitch at a maximum 

5 treatment temperature in the range of from 300 °C to 500 °C, 

the aromatic carbon index fa being determined by the following formula (1 ), 

fa = 1 -(H/C)/x(1 +(Daromatic/Daliphatic) x 

10 

(ealiphatic/earomatic)) (1) 

in which (H/C) is an atom ratio of hydrogen to carbon in the pitch, x is an average number of hydrogen bonded 
to carbon other than aromatic carbon (x = 2), (Daromatic/Daliphatic) is a ratio of the absorption intensity (Daromatic) 
of an aromatic C-H stretching vibration, measured with FT-IR, to the absorption intensity (Daliphatic) of an aliphatic 
C-H stretching vibration, measured with FT-IR, and ealiphatic/earomatic is a specific extinction («= 2), 

b. a mesophase pitch which is obtained by carrying out the polymerization in a catalyst molar ratio (fused polycyclic 
hydrocarbon/hydrogen fluoride/boron trifluoride) of hydrogen fluoride/fused polycyclic hydrocarbon = 0.2-1 .0 
and boron trifluoride/fused polycyclic hydrocarbon = 0.01 - 0.1 at a reaction temperature of from 100 to 350 °C, 
removing the catalysts and then heat-treating the resultant pitch at a maximum treatment temperature in the range 
of from 300 °C to 500 °C, 

c. a mesophase pitch having a fa value of from 0.90 to 0.97 and a softening point, determined with a flow tester, 
of 300°C or less, which mesophase pitch is obtained by removing the catalysts from the mesophase pitch obtained 
by polymerizing in the same catalyst molar ratio as that in the above b and at the same reaction temperature as 
that in the above b and then heat-treating the resultant pitch at a maximum treatment temperature of from 400 °C 
to 500 °C, and 

d. a mesophase pitch having a softening point of 250 °C or higher according to a flow tester, which mesophase 
pitch is obtained as a residue when at least one mesophase pitch obtained from the group consisting of the above 
a, b and c is extracted with a solvent. 

[0022] According to the present invention 2, further, there is provided a process for the production of a carbon foam, 
comprising heat-treating at least one mesophase pitch selected from the group consisting of the above a, b, c and d 
at a temperature of from 400 °C to 800 °C under the application of pressure of from 0.1 MPa to 5 MPa, preferably from 
0.1 MPa to 4 MPa, more preferably from 0.1 MPa to 3 MPa, with an inert gas. 

[0023] According to the present invention 2, further, there is provided a process for the production of a carbon foam, 
comprising pulverizing at least one mesophase pitch selected from the group consisting of the above a, b, c and d, 
molding the pulverized mesophase pitch at a room temperature or under heat and then heat-treating the molded mes- 
ophase pitch at a temperature of from 400 °C to 800 °C under the application of pressure of from 0.1 MPa to 5 MPa, 
preferably from 0.1 MPa to 4 MPa, more preferably from 0.1 MPa to 3 MPa, with an inert gas. 
[0024] According to the present invention 2, further, there is provided a carbon foam which is obtained by further 
heat-treating the carbon foam obtained from at least one mesophase pitch selected from the group consisting of the 
above a, b, c and d at a temperature of from 600 °C to less than 2,000 °C. Owing to this treatment, a density, electrical 
physical properties and thermally physical properties can be controlled in proper ranges suited for an intended use. 
[0025] According to the present invention 2, further, there is provided a process for the production of a carbon foam, 
which process comprises further heat-treating the above carbon foam at a temperature of from 600 °C to less than 
2,000 °C. 

[0026] According to the present invention 2, further, there is provided a graphite foam having a bulk density of 0.30 
g/cm 3 or more, which is obtained by heat-treating the above carbon foam at a temperature of 2,000 °C or higher. 
[0027] According to the present invention 2, further, there is provided a process for the production of a graphite foam, 
which process comprises heat-treating the above carbon foam at a temperature of 2,000 °C or higher. 

Brief Description of Drawings 

[0028] 

Rg.1 is a photomicrograph of cross section of the carbon foam of Example 1 taken with SEM. 
Rg.2 is a photomicrograph of cross section of the carbon foam of Example 2 taken with SEM. 
Fig.3 is a photomicrograph of cross section of the carbon foam of Comparative Example 1 taken with SEM. 
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Rg.4 is a photomicrograph of cross section of the carbon foam of Comparative Example 2 taken vyith SEM. 
Detailed Description of the Invention 

5 [0029] The present inventors have made diligent studies for overcoming the above problems and as a result found 
that a fine carbon foam can be obtained by heat-treating a specific mesophase pitch. The heat-treatment is preferably 
carried out under the application of pressure of 0.1 MPa or higher with an inert gas and at a temperature of from 400 
°C to 800 °C. The present inventors have found that a specific carbon foam having a uniform open cell structure can 
be accordingly industrially stably produced. Further, the present inventors have found that a specific graphite foam 

10 having a uniform open cell structure can be stably produced by further heat-treating the above carbon foam at a tem- 
perature of 2,000 °C or higher. On the basis of these findings, the present inventors have reached the present invention 
1. 

[0030] Further, the present inventors have found that a fine carbon foam can be produced by the use of a specific 
mesophase pitch, as a raw material, prepared from a pitch obtained by polymerizing a fused polycyclic hydrocarbon 
15 or a substance containing a fused polycyclic hydrocarbon in the presence of hydrogen fluoride and boron trifluoride 
as catalysts, even when the applied pressure with an inert gas when the carbon foam is produced by heat-treatment 
at a temperature of 400 °C or higher is 0.1 to 5 MPa, preferably 0.1 to 4 MPa, more preferably 0.1 to 3 MPa. On the 
basis of the above finding, the present inventors have reached the present invention 2. 

[0031] Some of the above carbon foam can satisfy the requirement that the bulk density is 0.20 g/cm 3 or more. 
20 [0032] Furthermore, the present inventors have found that a graphite foam having a bulk density of 0.30 g/cm 3 or 
more can be stably produced by heat-treating the above carbon foam at a temperature of 2,000 °C or higher. On the 
basis of the finding, the present inventors have reached the present invention 2. 

[0033] Although the raw material mesophase pitch used in the present invention 1 may be a mesophase pitch of 
petroleum type, coal type or synthetic type, it is a mesophase pitch whose softening point is 300 °C or less according 
25 to a flow tester method, whose ratio (Daromatic/Daliphatic) of the absorption intensity of an aromatic C-H stretching 
vibration, measured with FT-IR, to the absorption intensity of an aliphatic C-H stretching vibration, measured with 
FT-IR, is 4.0 or less and whose optically anisotropic content is at least 80 %. 

[0034] Further, it is preferred to use a mesophase pitch having the above properties and having an aromatic carbon 
index fa value of from 0.80 to 0.97, the aromatic carbon index fa value being determined from (H/C) which is an atom 

30 ratio of hydrogen to carbon in the pitch and a ratio (Daromatic/Daliphatic) which is a ratio of the absorption intensity of 
an aromatic C-H stretching vibration, measured with FT-IR, to the absorption intensity of an aliphatic C-H stretching 
. vibration, measured with FT-IR, by the formula (1)[fa = 1-(H/C)/x(1+ (Daromatic/Daliphatic) x (ealiphatic/earomatic)), 
an average number of hydrogen bonded to carbon other than aromatic carbon x = 2, and a specific extinction ealiphatic/ 
earomatic = 2]. The above specific pitch is heat-treated under the application of a pressure of preferably 0.1 MPa or 

35 more with an inert gas at a temperature of from 400 °C to 800 °C, whereby the carbon foam is produced. 

[0035] Although the mechanism where the carbon foam having a uniform open cell structure is produced from the 
above specific pitch is not entirely obvious, the mechanism is estimated as follows. The pitch is converted into a high 
viscosity pitch due to a condensation reaction at a high temperature of 400 °C or higher and finally the pitch is solidified. 
A cracked gas generated in tandem with this works as a foaming agent to form a foam. Furthermore, it is estimated 

40 that a practical foam having a bulk density of at least a certain level can be produced when the above reaction is carried 
out under the application of a pressure with an inert gas. 

[0036] When the pitch has a very high softening point of more than 300°C, the fluidity of the pitch during melting is 
poor in a foam-producing step to be described later. In this case, therefore, it is difficult to convert the pitch into a 
uniform block having no bubbles in a die before the formation of a foam so that voids which are a cause of a decrease 
45 in strength are apt to occur inside a foam as a product, which is not preferred industrially. 

[0037] When the optically anisotropic content is less than 80 %, cells of a foam generated become nonuniform. When 
the optically anisotropic content is less than 10 %, i.e., a substantially isotropic pitch is used, a fine foam can not be 
produced from any of the types of a petroleum type, a coal type and a synthetic type. 

[0038] When the ratio (Daromatic/Daliphatic) of the pitch, which is a ratio of the absorption intensity of an aromatic 
so c-H stretching vibration, measured with FT-IR, to the absorption intensity of an aliphatic C-H stretching vibration, 
measured with FT-IR, is more than 4.0 and the aromatic carbon index fa value of the pitch is more than 0.97, the 
retentional amount of aliphatic hydrogen effective as a foaming agent in the pitch is assumed to be small, so that a 
fine cell structure can not be obtained. 

[0039] On the other hand, when the pitch has an aromatic carbon index fa value of less than 0.80, industrially un- 
55 desirably, a fine cell structure is not formed either and at the same time the carbonization yield is small. 

[0040] Among the above-described pitches, it is preferred to use a mesophase pitch whose softening point is in the 
range of from 1 80 °C to 270 °C according to a flow tester method, whose ratio (Daromatic/Daliphatic) of the absorption 
intensity of an aromatic C-H stretching vibration, measured with FT-IR, to the absorption intensity of an aliphatic C-H 
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stretching vibration, measured with FT-IR, is in the range of from 0.4 to 2.0, whose aromatic carbon index fa value is 
in the range of from 0.83 to 0.93 and whose optically anisotropic content is 100 % in order to obtain the uniformity of 
cell structure of a carbon foam and at the same time to improve the productivity of a foam. 

[0041] In the present invention 1 and the present invention 2, a synthetic mesophase pitch obtained by polymerizing 
a fused polycyclic hydrocarbon or a substance containing a fused polycyclic hydrocarbon in the presence of hydrogen 
fluoride and boron trifluoride is preferably used since it satisfies all the above conditions necessary to obtain a carbon 
foam having a fine cell structure and at the same time it has a high chemical purity, excellent graphitizing properties 
and a very high carbonization yield. Since the raw material of a known conventional mesophase pitch of petroleum 
type or coal type is a byproduct, the precise control of physical properties of a mesophase pitch, which precise control 
is to be done in the present invention, is difficult and the above known conventional mesophase pitch is poor in the 
stability of nature and has a lot of impurities such as metal contents. Therefore, the above known conventional mes- 
ophase pitch is not preferable. 

[0042] The mesophase pitch used in the present invention 2 is at least one mesophase pitch selected from the group 
consisting of the following mesophase pitches a, b, c and d which are obtained by polymerizing a fused polycyclic 
hydrocarbon or a substance containing a fused polycyclic 

hydrocarbon in the presence of hydrogen fluoride and boron trifluoride as catalysts, 

a. a mesophase pitch having an aromatic carbon index fa value of from 0.90 to 0.97, which mesophase pitch is 
obtained by removing the catalysts after the polymerization and then heat-treating the resultant pitch at a maximum 
treatment temperature in the range of from 300 °C to 500 °C which is higher than a temperature condition of a 
general post treatment, 

the aromatic carbon index fa being determined by the following formula (1), 



25 fa = 1-(H/C)/x(1+(Daromatic/Daliphatic) x 

(ealiphatic/earomatic)) (1) 

in which (H/C) is an atom ratio of hydrogen to carbon in the pitch, x is an average number of hydrogen bonded 
30 to carbon other than aromatic carbon (x = 2), (Daromatic/Daliphatic) is a ratio of the absorption intensity (Daromatic) 

of an aromatic C-H stretching vibration, measured with FT-IR, to the absorption intensity (Daliphatic) of an aliphatic 
C-H stretching vibration, measured with FT-IR, and (ealiphatic/earomatic) is a specific extinction (= 2), 

b. a mesophase pitch which is obtained by carrying but the polymerization in a catalyst molar ratio (fused polycyclic 
hydrocarbon/hydrogen fluoride/boron trifluoride) of hydrogen fluoride/fused polycyclic hydrocarbon » 0.2 — 1.0 

35 and boron trifluoride/fused polycyclic hydrocarbon = 0.01 - 0.1 at a reaction temperature of from 100 to 350 °C, 

removing the catalysts and then heat-treating the resultant pitch at a maximum treatment temperature in the range 
of from 300 °C to 500 °C, 

c. a mesophase pitch having a fa value of from 0.90 to 0.97 and a softening point, determined with a flow tester, 
of 300°C or less, which mesophase pitch is obtained by removing the catalysts from the mesophase pitch obtained 

40 by polymerizing in the same catalyst molar ratio as that in the above b and at the same reaction temperature as 

that in the above b and then heat-treating the resultant pitch at a maximum treatment temperature of from 400 °C 
to 500 °C, and 

d. a mesophase pitch having a softening point of 250 °C or higher according to a flow tester, which mesophase 
pitch is obtained as a residue when at least one mesophase pitch obtained from the group consisting of the above 

45 a, b and c is extracted with a solvent 



[0043] The above mesophase pitch is suited for the production of a carbon foam having a bulk density of 0.20 g/cm 3 
or more. 

[0044] The method of the above a in which the heat-treatment is carried out after the polymerization to obtain a 
50 mesophase pitch, is carried out by polymerizing a fused polycyclic hydrocarbon under an authigenic pressure in the 
presence of catalysts, then reducing the pressure to recover the catalysts, and heat-treating the resultant pitch at a 
maximum treatment temperature of 300 °C or higher. On this occasion, an inert gas such as nitrogen may be introduced 
similarly to a general light-contents-removing procedure. Further, there maybe adopted a method in which light contents 
are removed, an obtained pitch is taken out for a while and the pitch is heat-treated under an inert gas atmosphere at 
55 a maximum treatment temperature of 300 to 500 °C. 

[0045] When the obtained mesophase pitch has an aromatic carbon index fa value of from 0.90 to 0.97, a carbon 
foam having a bulk density of 0.20 g/cm 3 or more can be obtained by carrying out the heat-treatment under the appli- 
cation of a pressure of from 0.1 MPa to 5 MPa, preferably from 0.1 MPa to 4 MPa, more preferably from 0.1 MPa to 3 
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MPa, with an inert gas at a temperature of from 400 °C to 800 °C. It is estimated that a pitch having an aromatic carbon 
index fa of more than 0.97 has a small retentional amount of aliphatic hydrogen effective as a foaming agent, so that 
a fine cell structure can not be obtained. On the other hand, except for the case using the pitch obtained by polymerizing 
under the specific catalyst condition described in the above b, a carbon foam having a bulk density of 0.20 g/cm 3 or 
5 more can not be produced from a pitch having an aromatic carbon index fa of less than 0.90 under the application of 
a pressure of 3 MPa or less with an inert gas. 

[0046] Although the method in which a mesophase pitch is produced under the reaction conditions of the above b 
(temperature, pressure and catalyst molar ratio) varies depending upon the size of a reactor or a feeding amount, an 
effective method is a method in which the molar ratio of boron trifluoride among the catalysts to naphthalene is de- 

10 creased to 0.1 or less. In the method, the polymerization is carried out in a catalyst molar ratio (fused polycyclic hy- 
drocarbon/hydrogen fluoride/boron trifluoride) of hydrogen fluoride/fused polycyclic hydrocarbon = 0.2-1 .0 and boron 
trifluoride/fused polycyclic hydrocarbon = 0.01 - 0.1 at a reaction temperature of from 100 to 350 0 C, the catalysts are 
removed and then, the thus-obtained pitch is heat treated at a maximum treatment temperature in the range of 300 to 
500 °C. Although a mesophase pitch having an aromatic carbon index fa value of from 0.90 to 0.97 can not be obtained 

15 under the above reaction conditions in some cases, a carbon foam having a bulk density of 0.20 g/cm 3 or more can 
be obtained under the application of pressure of 3 MPa with an inert gas. 

[0047] When the polymerization is carried out under the catalyst condition of the above c and then the heat-treatment 
after the removal of the catalysts is carried out at a higher temperature side in the maximum treatment temperature 
range of 400 to 500 °C, a mesophase pitch having a fa value of from 0.90 to 0.97, which is effective for increasing the 

20 bulk density of a foam, can be produced so that such meitability that the softening point determined with a flow tester 
is 300 °C or less can be maintained. For this reason, it is preferred in view of the production of a carbon foam having 
an arbitrary form by the use of a die. Further, there may be also adopted a method in which the polymerization is carried 
out at a reaction temperature of 200 °C or less, then, most of the catalysts are removed to decrease the percentage 
of the catalysts and then the. reaction is further continued at a reaction temperature of 200 °C or higher to obtain a 

25 synthetic pitch. 

[0048] In the method of the above d in which the residue generated through the solvent extraction of a synthetic 
pitch is used, the solvent for extraction is selected from various solvents such as hexane, benzene, toluene, pyridine, 
quinoline and chloroform, a tar wash oil and the like. 

[0049] The method of heat-treating the specific pitch described before under the application of pressure of from 0.1 

30 MPa to 5 MPa, preferably from 0.1 MPa to 4 MPa, more preferably from 0.1 MPa to 3 MPa, with an inert gas at a 
temperature of from 400 °C to 800 °C, is not specially limited. According to the use of the mesophase pitch of the 
present invention, a carbon foam having a uniform open cell structure is relatively easily produced. 
[0050] Further, the physical properties of a foam such as a cell structure or a bulk density can be controlled not only 
by the pressure with an inert gas or the temperature-increasing rate but also by combining the selection of a pitch with 

35 these production conditions. 

[0051] The method of placing a mesophase pitch into a pressure vessel includes a method (A) in which a mesophase 
pitch in a powder, pellet or block state is placed in a metal vessel such as a vessel made of aluminum or a vessel made 
of stainless steel for forming a foam, a method (B) in which a mesophase pitch is- placed in a metal vessel made of 
aluminum or stainless steel, the metal vessel is placed in a heating furnace, and the mesophase pitch is maintained 

40 under a nonoxtdafrve atmosphere of a nitrogen current at a temperature higher than the softening point by approximately 
100 °C for approximately 10 hours to convert the mesophase pitch into a uniform block containing almost no bubbles 
in the metal vessel, and a method (C) in which a pitch is pulverized and then molded at room temperature or under 
heat and then the molded pitch is placed in a vessel made of aluminum, stainless steel or the like. 
[0052] Among the above methods, the method (C) in which a pitch is pulverized and then molded at room temperature 

45 or under heat and then the molded pitch is placed in a vessel is effective for obtaining a uniform carbon foam when 
the softening point of a raw material mesophase pitch which satisfies the parameter of the present invention is increased 
and therefore it is difficult to obtain a uniform block containing almost no bubbles in a metal vessel. 
[0053] Although the method of heat-treating a mesophase pitch, which is pressure-increased to 0.1 MPa or higher 
by means of an inert gas, at a temperature of from 400 °C to 800 °C is not specially limited, for example, the following 

so methods may be adopted. 

[0054] A metal vessel containing a mesophase pitch is placed in a heatable pressure vessel, the atmosphere is 
replaced with a nitrogen atmosphere by a vacuum substitution, then, the temperature is increased up to 350 °C at a 
rate of 3°C/minute while keeping atmospheric pressure and the mesophase. pitch is maintained for 1 hour. Then, the 
pressure is increased to 3.0 MPa with nitrogen while keeping the temperature of 350 °C and the temperature is in- 

55 creased up to 550 °C at a rate of 2 °C/minute. The mesophase pitch is maintained for 1 hour in this state, then the 
heater is turned off, and the mesophase pitch in the metal vessel is al towed to cool naturally in the furnace. Thereafter, 
a sample is taken out and it is found that a carbon foam having a uniform cell structure and a bulk density of 0.20 g/ 
cm 3 or more, as described above, is formed in the metal vessel. Further, the application of pressure with an inert gas 
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can be initiated from a room temperature. 

[0055] Depending upon an intended use, the obtained carbon foam can be successively heat-treated at a temper- 
ature of from 600 °C to less than 2,000 °C. The pressure in this heat treatment may be a normal pressure or a pres- 
surized pressure. Owing to the above heat-treatment, a density, electrical physical properties and thermally physical 

5 properties can be controlled in proper ranges. 

[0056] Further, the above carbon foam is graphitized by heat-treating at a temperature of 2,000 or higher, whereby 
a graphite foam having a bulk density of 0.3 g/cm 3 or more is produced. In the graphitization, it is more preferred to 
preliminary heat-treat (calcinate) the carbon foam at a temperature of from 800 °C to less than 2,000 °C. The above 
graphite foam can be a foam having high strength and high thermal conductivity. 

10 [0057] The pitch specified by the present invention 1 is heat-treated under the application of a pressure of 0.1 MPa 
or more with an inert gas at a temperature of from 400 °C to 800 °C, whereby there is produced a carbon foam which 
has a bulk density d of from 0.20 g/cm 3 to 0.65 g/cm 3 , a density D, measured using helium as a substitution medium, 
of from 1 .3 g/cm 3 to 1 .5 g/cm 3 , a porosity p of from 50 % to 90 % and an open cell rate of from 90 % to 1 00 %, and of 
which the optical texture of the carbon is substantially 100 % anisotropic. 

15 [0058] The porosity p is calculated from density Dr which is measured using helium as a substitution medium after 
the foam is pulverized to 150 microns or less and a bulk density d which is an apparent density per volume by the 
formula (2): P=(1-d/Dr) x 100. Further, the open cell rate, is calculated by the formula (3): $ = D/Dr x 100. 
[0059] The carbon foam having the above specific values of physical properties has a uniform open cell structure, 
and there can be provided a novel carbon foam having uniform gas diffusivity into the foam or the like in addition to 

20 properties such as heat resistance, chemical stability, electrical conductivity and strength. 

[0060] Further, the above carbon foam is graphitized by heat-treating at a temperature of 2,000 or higher, whereby 
there is produced a graphite foam having a bulk density of from 0.3 g/cm 3 to 1.0 g/cm 3 , a density, measured using 
helium as a substitution medium, of from 2.0 g/cm 3 or more, a porosity of from 50 % to 90 % and an open cell rate of 
from 90 % to 100 %. A heat-treated carbon foam obtained by heat-treating the carbon foam at a temperature of from 

25 400 °C to 2,000 °C before the graphitization may be used as a raw material for producing a graphite foam. 

[0061] The mesophase pitch specified by the present invention 2 is heat-treated under the application of from 0.1 
MPa to 5 MPa, preferably from 0.1 MPa to 4 MPa, more preferably from 0.1 MPa to 3 MPa, with an inert gas at a 
temperature of from 400 °C to 800 °C, whereby a carbon foam having a bulk density of 0.20 g/cm 3 or more can be 
obtained. Further, the above carbon foam is furthermore heat-treated at a temperature of 2,000 °C or higher, whereby 

30 a graphite foam. having a bulk density of 0.3 g/cm 3 or more can be produced. 

[0062] The graphite foam having the above specific values of physical properties has high thermal conductivity in 
addition to a uniform open cell structure, heat resistance, chemical stability, electrical conductivity, strength and gas 
diffusivity which the carbon foam of the present invention has, since it is derived from an excellent easy-to-graphitize 
carbon. 

35 

Effect of the Invention 

[0063] As described in detail above, owing to the use of the raw material pitch based on the present invention 1, 
there can be industrially stably produced a carbon foam having a uniform open cell structure; Further, owing to the use 
of the raw material pitch based on the present invention 2, there can be produced a carbon foam having a uniform 
open cell structure at such a pressure of 5 MPa or less, preferably 4 MPa or less, more preferably 3 MPa or less, that 
an operation can be industrially stably performed. Further, a graphite foam having a uniform open cell structure together 
with a high graphitization degree can be industrially stably produced by graphitizing the above carbon foam at 2,000 
°C or higher. 

Examples 

[0064] The present invention will be explained more in detail with reference to Examples and Comparative Examples 
hereinafter. The present invention shall not be limited to these Examples.. Further, the method of analyzing a pitch and 
50 a foam in the present Examples will be described below. 

(Softening point) 

[0065] The softening point was measured with an elevated flow tester supplied by SHIMADZU CORPORATION. A 
55 cylinder having a sectional area of 1 cm 2 and having a nozzle having a diameter of 1 mm at a bottom was charged 
with 2 g of a sample which had been pulverized to 300 microns or less and the temperature was increased at a rate 
of 5 °C/minute while applying a pressure of 9.8 N/cm 2 (10kg/cm 2 ). Powder particles softened with increasing the tem- 
perature, to increase the filling rate and to decrease the volume of the sample powder. However, the volume decrease 
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stopped when the temperature exceeded a certain temperature. When the temperature-increase was further continued, 
the sample melted and flowed out from the nozzle. In this case, the temperature at which the volume decrease of the 
sample powder stopped was defined as a softening point. 

5 (Elemental analysis) 

[0066] For calculating the atom ratio (H/C) of hydrogen to carbon, carbon and hydrogen were simultaneously ana- 
lyzed with a 2400CHN-model elemental analyzer supplied by PERKINELMER as an analyzer. The measurement was 
carried out by a method in which 1 .5±0.2mg of a sample pitch was weighed and placed in a container made of tin, the 
10 sample pitch in the container was set in the analyzer, then the sample pitch was burned at 975 °C for 5 minutes, and 
carbon and hydrogen in the sample pitch were detected and measured by TCD with a He gas carrier. In the measure- 
ment of the sample, a correction was carried out with acetanilide (2.0+0.1 mg) as a reference material in advance. 

(FT-IR) 

15 

[0067] 1 part of a modified pitch powder was added to 100 parts of a KBr powder, these powders were mixed on an 
agate mortar, then the resultant mixture was set in FT/IR-410 supplied by Nippon Bunko K.K., a diffuse reflectance 
spectroscopy measuring device DR-81 , and then the measurement was carried out. The Kubelka-Munk conversion of 
the obtained diffused reflection spectrum was carried out to obtain a spectrum. A ratio (Daromatic/Daliphatic) of a peak 
20 intensity around 3,050 cm' 1 (absorption intensity of an aromatic C-H stretching vibration) to a peak intensity around 
2,930 cm- 1 (absorption intensity of an aliphatic C-H stretching vibration) in the spectrum was obtained. 

(Density measurement) 

25 [0068] The density using helium as a substitution medium was measured with a micropycnometer supplied by Quan- 
tachrome. A sample was dried at 120 °C for 2 hours. 

Example 1 

so [0069] Naphthalene was polymerized in the presence of a superacid catalyst HF-BF 3 to obtain a raw material pitch 
(catalyst molar ratio: naphtha!ene/HF/BF 3 = 1/0.35/0.15, reaction temperature: 265 °C). The softening point of the 
above pitch according to a flow tester was 227 °C. The atom ratio (H/C) of hydrogen to carbon was 0.606. The ratio 
(Daromatic/Daliphatic) of the absorption intensity of an aromatic C-H stretching vibration, measured with FT-IR, to the 
absorption intensity of an aliphatic C-H stretching vibration, measured with FT-IR, was 0.507. The aromatic carbon 

35 index fa value calculated by the formula (1) was 0.85. The optically anisotropic content of the pitch according to an 
observation with a polarization microscopy was 100 %, and the pitch was a mesophase pitch. 
[0070] 2 g of the above mesophase pitch was placed in a cylindrical vessel which was made of aluminum and had 
an internal diameter of 13 mm, a depth of 29.15 mm and an internal volume of 4.17 cm 3 and of which the weight had 
been already known. The mesophase pitch in the vessel was placed in a heating furnace, the mesophase pitch was 

40 maintained under a nonoxidative atmosphere of a nitrogen current at a temperature (327 °C in the present Example) 
higher than the softening point by 100 °C for 10 hours. The mesophase pitch was melted by the heating and formed 
into a uniform block containing almost no bubbles in the aluminum vessel. 

[0071] Then, the aluminum vessel containing the pitch was placed in an airtight container made of SUS and having 
an outer diameter of. 25 mm, an internal diameter of 20 mm and a length of 160 mm. The airtight container made of 

45 SUS was set in the center of a crucible furnace equipped with a the r mo regulator and having an internal diameter of 
105 mm. The atmosphere in the airtight container was changed to a nitrogen atmosphere by a vacuum substitution. 
The temperature was increased up to 350 °C at a rate of 3°C/minute with retaining atmospheric pressure, and the 
mesophase pitch was maintained for 1 hour in this state. Then, the pressure was increased to 6.5 MPa with nitrogen 
while keeping the temperature of 350 °C and then the temperature was increased up to 550 °C at a rate of 2 °C/minute. 

so The pressure at 550 °C was 8.6 MPa. The mesophase pitch was maintained for 1 hour in this state, then the heater 
was turned off, and the airtight container made of SUS was allowed to cool naturally in the furnace. Thereafter, a sample 
was taken out and it was found that the pitch was foamed and carbonized in the aluminum vessel to form a carbon foam. 
[0072] After the carbon foam in the aluminum vessel was estimated for bulk density, the carbon foam was cut with 
a diamond cutter to obtain a sample, and.the sample was measured for a density using helium. As a result, the bulk 

55 density was 0.43 g/cm 3 and the density measured using helium as a substitution medium was 1 .40 g/cm 3 . Further, a 
carbon foam separately prepared in the same manner as above was pulverized to 150 microns or less and then meas- 
ured for a density Dr using helium as a substitution medium. The density Dr was 1 .44 g/cm 3 . Therefore, the porosity 
was calculated to find that it was 70 %. And the open cell rate was calculated to find that it was 97 %. Further, the 
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carbon foam was observed through a polarization microscope by a conventional method to find that the. optica! texture 
of the carbon constituting the foam was 100 % anisotropic. Further, the cross section of the foam was observed with 
SEM and it was found that the carbon foam was a fine carbon foam having a very uniform cell shape as shown in Fig. 1 . 
[0073] The carbon foam was temperature -increased under a nitrogen atmosphere at a rate of 10 °C/hour. After the 

5 temperature reached to 1 ,000°C 1 the temperature was maintained for 2 hours to calcinate the carbon foam. Succes- 
sively, the carbon foam was temperature-increased under an argon atmosphere at a rate of 500 °C/hour. At 2,800 °C, 
a graphitization treatment was carried out for 1 hour, to form a graphite foam. The graphite foam had a bulk density of 
0.55 g/cm 3 , and the density measured using helium as a substitution medium was 2.185 g/cm 3 . A graphite foam sep- 
arately prepared in the same manner as above was pulverized to 1 50 microns or less and then measured for a density 

10 Dr using helium as a substitution medium. The density Dr was 2.230 g/cm 3 . Therefore, the porosity was calculated to 
find that the graphite foam had a porosity of 75 %. And the open cell rate was calculated to find that the graphite foam 
had an open cell rate of 98 %. The crystal structure of the graphite foam powder was analyzed by an X-ray diffraction 
method (method of the Japan Society for Promotion of Scientific Research) . As a result of the analysis, the spacing 
d002 of crystallite on the surface (002) was 0.3359 nm, the size Lc of crystallite was 120 nm, and the graphite foam 

15 had a high graphitization degree. Table 1 shows the results. 

Example 2 

[0074] The same raw material pitch as that in Example 1 was used, and an investigation was carried out in the same 
20 manner as in Example 1 except that the pressure was increased to 3.5 M Pa with nitrogen while keeping the temperature 
. of 350 °C and the temperature was increased up to 550 °C at a rate of 2 °C/minute. Tables 1 and 2 show the results. 

Examples 3 and 4 

25 [0075] An investigation was carried out in the same manner as in Example 1 or Example 2 except that a raw material 
pitch was synthesized in a catalyst ratio of naphthalene/HF/BF 3 = 1/0.32/0.074 at a synthetic temperature of 245 °C. 
Table 1 shows the results. 

Example 5 

30 

[0076] An investigation was carried out in the same manner as in Example 1 except that a raw material pitch was 
synthesized in a catalyst ratio of naphthalene/HF/BF 3 = 1/0.70/0.20 at a synthetic temperature of 285 °C. Table 1 shows 
the results. 

35 Example 6 

[0077] An investigation was carried out in the same manner as in Example 1 except that a raw material pitch was 
synthesized from mixed methyl naphthalene as a raw material in a catalyst ratio of naphthalene/HF/BF 3 = 1/0.45/0.15 
at a synthetic temperature of 253 °C. Table 2 shows the results. 

40 

Example 7 

[0078] 10 g of the same pitch as that synthesized in Example 1 was placed in a 100-cc beaker, the 100-cc beaker 
was placed in a muffle furnace in which a nonoxidative atmosphere was kept, the temperature was increased up to 
45 425 °C at a rate of 250 °C/hour, and then the pitch was maintained for 1 hour in this state. After cooling to 100 °C or 
lower, the pitch in the beaker was taken out The yield was 95.5 %. The thus-obtained pitch was used as a raw material, 
and a foam production and an investigation were carried out in the same manner as in Example 1. Table 2 shows the 
results. 

50 Example 8 

[0079] An investigation was carried out in the same manner as in Example 1 except that the raw material pitch was 
replaced with a petroleum type mesophase pitch. Table 2 shows the results. 

55 Example 9 

[0080] An investigation was carried out in the same manner as in Example 2 except that the raw material pitch was 
replaced with a coal type mesophase pitch. Table 2 shows the results. 
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Example 10 

[0081] An investigation was carried out in the same manner as in Example 2 except that the raw material pitch was 
replaced with a coal type mesophase pitch. Table 2 shows the results. 

5 

Comparative Example 1 

[0082] A raw material pitch (coal-tar type mesophase pitch) had the following properties. The softening point accord- 
ing to a flow tester was 1 76 °C. The atom ratio (H/C) of hydrogen to carbon was 0.424. The ratio (Daromatic/Daliphatic) 
10 of the absorption intensity of an aromatic C-H stretching vibration, measured with FT-IR, to the absorption intensity of 
an aliphatic C-H stretching vibration, measured with FT-IR, was 5.80. The aromatic carbon index fa value calculated 
by the formula (1) was 0.983. The optically anisotropic content according to an observation with a polarization micro- 
scopy was 80 %. 

[0083] A carbon foam was produced from the above mesophase pitch as a raw material in the same manner as in 
'5 Example 1 . The bulk density was 0.50 g/cm 3 and the density measured using helium as a substitution medium was 

1 .32 g/cm 3 . A carbon foam separately prepared in the same manner as above was pulverized to 1 50 microns or less 
and then measured for a density Dr using helium as a substitution medium. The density Dr was 1 .48 g/cm 3 . Therefore, 
the porosity was 66 %. However, the carbon foam had a low open cell rate of 89 %. Further, the carbon foam was 
observed through a polarization microscope by a conventional method to find that the optical texture of the carbon 

20 constituting the foam was 100 % anisotropic. However, the cross section of the foam was observed with SEM and it 
was found that the carbon foam had nonuniform cells as shown in Fig. 3. Table 3 shows the results. 

Comparative Example 2 

25 [0084] Naphthalene was polymerized in the presence of a superacid catalyst HF-BF 3 (catalyst molar ratio: naphtha- 
lene/HF/BF 3 = 1/0.70/0.20, reaction temperature: 120 °C) to obtain a raw material pitch. The softening point of the 
above pitch according to a flow tester was 93 °C. The atom ratio (H/C) of hydrogen to carbon was 0.75. The ratio 
(Daromatic/Daliphatic) of the absorption intensity of an aromatic C-H stretching vibration, measured with FT-IR, to the 
absorption intensity of an aliphatic C-H stretching vibration, measured with FT-IR, was 0.256. The aromatic carbon 

30 index fa value calculated by the formula (1) was 0.752. The optically anisotropic content of the pitch according to an 
observation with a polarization microscopy was 0 %, and the pitch was an isotropic pitch. 

[0085] A carbon foam was produced from the above mesophase pitch as a raw material in the same manner as in 
Example 1. The bulk density was 0.48 g/cm 3 and the density measured using helium as a substitution medium was 

1 .33 g/cm 3 . A carbon foam separately prepared in the same manner as above was pulverized to 1 50 microns or less 
35 and then measured for a density Dr using helium as a substitution medium. The density Dr was 1 .43 g/cm 3 . Therefore, 

the porosity was 66 % and the open cell rate was 93 %. Further, the carbon foam was observed through a polarization 
microscope by a conventional method to find that the optical texture of the carbon constituting the foam was 100 % 
anisotropic. However, the cross section of the foam was observed with SEM, to find that the carbon foam had nonuniform 
cells as shown in Fig. 4. Table 3 shows the results. 

40 

Comparative Example 3 * 

[0086] An investigation was carried out in the same manner as in Example 1 except that the raw material pitch was 
replaced with a petroleum type mesophase pitch. Table 3 shows the results. 

45 

Comparative Example 4 

[0087] An investigation was carried out in the same manner as in Example 1 except that the raw material pitch was 
replaced with a coal-tar pitch. Table 3 shows the results. 

50 

Table 1 



Examples 


1,2 


3,4 


5 


Raw material 


naphthalene 


naphthalene 


naphthalene 


Synthetic temperature (°C) 


265 


245 


285 


Catalyst ratio in synthesis 


1/0.35/0.15 


1/0.32/0.074 


1/0.7/0.20 
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Table 1 (continued) 



Examples 


1,2 


3,4 


5 


Softening point(°C) 


227 


220 


255 


H/C 


0.606 


0.590 


0.593 


Daroma/Dalipha 


0.507 


0.576 


0.516 


fa 


0.850 


0.863 


0.854 


anisotropic content (%) 


100 


100 


100 


Carbon foam 


Examples 


1 


2 


3 


4 


5 


Pressure(350°C, MPa) 


6.5 


3.5 


6.5 


3.5 


6.5 


Bulk density d (g/cm 3 ) 


0.43 


0.27 


0.47 


0.32 


0.49 


He density D (g/cm 3 ) 


1.40 


1.41 


1.38 


1.36 


1.38 


True density Dr (g/cm 3 ) 


1.44 


1.44 


1.44 


1.44 


1.44 


Porosity p (%) 


70 


81 


67 


78 


66 


Open cell rate $ (%) 


97 


98 


96 


94 


96 


Cross section of foam 


Uniform (Fig.1) 


Uniform (Fig.2) 


Uniform 


Uniform 


uniform 


Graphite foam 


Bulk density d (g/cm 3 ) 


0.55 


0.35 


0.59 


0.41 


0.59 


He density D (g/cm 3 ) 


2.18 


2.17 


2.22 


2.20 


2.19 


True density Dr (g/cm 3 ) 


2.23 


2.23 


2.23 


2.23 


2.23 


Porosity p (%) 


75 


84 


74 


82 


74 


Open cell rate 4 (%) 


98 


97 


99 


99 


98 


Daroma/Dalipha = Daromatic/Daiphatic 



35 

Table 2 



Examples 


6 


7 8 9 


10 


Raw materia! 


Methyl 
naphthalene 


Synthetic pitch 
in Example 1 


Petroleum type 

mesophase 

pitch 


Coal type 
mesophase pitch 


Coal type 
mesophase pitch 


Synthetic 

temperature 

(°C) 


253 


425 








Catalyst ratio in 
synthesis 


1/0.45/0.15 










Softening point 
(°C) 


216 


260 


242 


252 


238 


H/C 


0.625 


0.558 


0.526 


0.497 


0.482 


D aroma/ 
Dalipha 


0.564 


0.973 


2.488 


3.630 


4.000 


fa 


0.853 


0.905 


0.956 


0.970 


0.973 


anisotropic 
content (%) 


100 


100 


100 


100 


100 
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Table 2 


[continued) 






Examples 


6 


789 


10 


Carbon foam j 


Pressure 
(350°C, MPa) 


6.5 


6.5 


6.5 


3.5 


3.5 


Bulk density d 
(g/cm 3 ) 


0.47 


0.48 


0.61 


0.53 


0.54 


He density D (g/ 
cm 3 ) 


1.37 


1.36 


1.36 


1.41 


1.43 


True density Dr 
(g/cm 3 ) 


1.44 


1.44 


1.45 


1.45 


1.45 


Porosity p (%) 


67 


67 


58 


63 


63 


Open cell rate $ 
(%) 


95 


94 


94 


97 


98 


Cross section of 
foam 


Uniform 


Uniform 


Uniform 


Uniform 


uniform 


Graphite foam 


Bulk density d 
(g/cm 3 ) 


0.56 


0.58 


0.72 


0.67 


0.69 


He density D (g/ 
cm 3 ) 


2.15 . 


2.18 


2.13 


2.16 


2.18 


True density Dr 
(g/cm 3 ) 


2.23 


2.23 


2.23 


2.23 


2.23 


Porosity p (%) 


75 


74 


68 


70 


69 


Open ceil rate $ 
(%) 


96 


98 


96 


97 


98 


Daroma/Dalipha = Daromatic/Daiphatic 



Table 3 



Comparative Examples 


1 


2 


3 


4 


Raw material 


Coal-tar type mesophase 
pitch 


naphthalene 


Petroleum pitch 


Coal-tar pitch 


Synthetic temperature 
(°C) 




120 






Catalyst ratio in synthesis 




1/0.70/0.20 






Softening point(°C) 


176 


93 


85 


80 


H/C 


0.424 


0.750 


0.715 


0.550 


Daroma/ Dalipha 


5.80 


0.256 


0.762 


2.71 


fa 


0.983 


0.752 


0.858 


0.957 


anisotropic content (%) 


80 


0 


0 


0 


Carbon foam 


Pressure (350°C, MPa) 


6.5 


6.5 


6.5 


6.5 


Bulk density d (g/cm 3 ) 


0.50 


0.48 


0.47 


0.47 
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Table 3 (continued) 



Comparative Examples 


1 


2 


3 


4 


Carbon foam 


He density D (g/cm 3 ) 


1.32 


1.33 


1.29 


1.35 


True density Dr (g/cm 3 ) 


1.48 


1.43 


1.45 


1.48 


Porosity p (%) 


66 


66 


68 


68 


Open cell rate $ (%) 


89 


93 


89 


91 


Cross section of foam 


Nonuniform (Fig. 3) 


Nouniform (Fig.4) 


Nonuniform 


Nonuniform 


Daroma/Dalipha = Daromatic/Daiphatic 



15 Example 11 

[0088] Naphthalene was polymerized at a reaction temperature of 270 °C under an authigenic pressure in the pres- 
ence of a superacid catalyst HF-BF 3 (catalyst molar ratio: naphthalene/HF/BF 3 « 1/0.35/0.15), then, the pressure was 
reduced to recover the catalysts, and further, nitrogen was introduced at 350 °C for 10 hours to remove light contents, 
20 whereby there was obtained a mesophase pitch having a softening point of 230°C according to a flow tester. The above 
mesophase pitch was further heat-treated at 470°C for 0.5 hour to obtain a heat-treated mesophase pitch having a 
softening point of 295 °C according to a flow tester, a (H/C) of 0.526, a (Daromatic/Daliphatic) of 1 .34 and an aromatic 
carbon index fa value of 0.929. 

[0089] 8 g of the heat-treated mesophase pitch was placed in a cylindrical vessel which was made of aluminum and 

25 had an internal diameter of 31 mm, a depth of 40 mm and an internal volume of 30.1 75 cm 3 , the cylindrical vessel was 
placed in an airtight container made of SUS and having an outer diameter of 50 mm, an internal diameter of 35 mm 
and a length of 450 mm. The airtight container made of SUS was set in the center of a crucible furnace equipped with 
a thermoregulator and having an internal diameter of 55 mm. The atmosphere in the airtight container was changed 
to a nitrogen atmosphere by a vacuum substitution. Then, the temperature was increased up to 350 °C at a rate of 

30 3°C/minute with retaining atmospheric pressure, and the heat-treated mesophase pitch was maintained for 1 hour in 
this state. Then, the pressure was increased to 3.0 MPa, and then the temperature was increased up to 550 °C at a 
rate of 2 °C/minute while keeping the pressure of 3 MPa. The heat-treated mesophase pitch was maintained for 1 hour 
in this state. Then, the heater was turned off, and the airtight container made of SUS was allowed to cool naturally in 
the furnace. Thereafter, a sample was taken out and it was found that the pitch was foamed and carbonized in the 

35 aluminum vessel to form a carbon foam. The carbon foam in the aluminum vessel had a bulk density of 0.36 g/cm 3 . 
[0090] The carbon foam was temperature-increased under a nitrogen atmosphere at a rate of 10 °C/hour. After the 
temperature reached to 1 ,000 °C, the tempearture was maintained for 2 hours to calcinate the carbon foam. Succes- 
sively, the carbon foam was temperature-increased under an argon atmosphere at a rate of 500 °C/hour. At 2,800 °C, 
a graphitization treatment was carried out for 1 hour, to form a graphite foam. The graphite foam had a bulk density of 

40 0.47 g/cm 3 . Table 4 shows the results. 

Example 12 

[0091] The same mesophase pitch as that used in Example 11 was heat-treated at 475 °C for 0.5 hour, to obtain a 
45 heat-treated mesophase pitch having a softening point of 300 °C or higher according to a flow tester, a (H/C) of 0.492, 
a (Daromatic/Daliphatic) of 1 .806 and an aromatic carbon index fa value of 0.947. 

[0092] The heat-treated mesophase pitch was pulverized with a coffee mill, 8 g of the pulverized mesophase pitch 
was pressure-formed under 3 MPa to obtain a disk pitch molded material having. a diameter of 28 mm and a thickness 
of 13 mm and having a bluk density of 1.1 g/cm 3 . The pitch molded material was placed in a cylindrical vessel which 

50 was made of aluminum and had an internal diameter of 31 mm, a depth of 40 mm and an internal volume of 30.175 
cm 3 and the cylindrical vessel was placed in the same airtight container made of SUS as that used in Example 1 . The 
atmosphere in the airtight container was changed to a nitrogen atmosphere by a vacuum substitution. Then, the pres- 
sure was increased to 3.0 MPa at room temperature. The temperature was increased up to 550 °C at a rate of 2 °C/ 
minute while keeping the pressure of 3 MPa, and the pitch molded material was maintained for 1 hour in this state, to 

55 form a carbon foam. The carbon foam had a bulk density of 0.50 g/cm 3 . Table 4 shows the results. 

[0093] The carbon foam was temperature -increased under a nitrogen atmosphere at a rate of 10 °C/hour. After the 
temperature reached to 1 ,000 °C, the temperature was maintained for 2 hours to calcinate the carbon foam. Succes- 
sively, the carbon foam was temperature-increased under an argon atmosphere at a rate of 500 °C/hour. At 2,800 °C, 
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a graphitization treatment was carried out for 1 hour, to form a graphite foam. The graphite foam had a bulk density of 
0.62 g/cm 3 . Table 4 shows the results. 

Example 13 

5 

[0094] Naphthalene was polymerized at a reaction temperature of 245 °C under an authigenlc pressure in the pres- 
ence of a superacid catalyst HF-BF 3 (catalyst molar ratio: naphthalene/HF/BF 3 = 1/0.32/0.074), then, the pressure 
was reduced to recover the catalysts, and further, nitrogen was introduced at 350 °C for 20 hours to remove light 
contents, to obtain a mesophase pitch. The mesophase pitch had a softening point of 220 °C according to a fbw tester, 
10 a (H/C) of 0.590, a (Daromatic/Daliphatic) of 0.576 and an aromatic carbon index fa value of 0.863. 

[0095] A carbon foam was produced in the same manner as in Example 11 . The carbon foam had a bulk density of 
0.25 g/cm 3 . 

[0096] The carbon foam was temperature -increased under a nitrogen atmosphere at a rate of 10 °C/hour. After the 
temperature reached to 1 ,000 °C, the temperature was maintained for 2 hours to calcinate the carbon foam. Succes- 
15 sively, the carbon foam was temperature-increased under an argon atmosphere at a rate of 500 °C/hour. At 2,800 °C, 
a graphitization treatment was carried out for 1 hour, to form a graphite foam. The graphite foam had a bulk density of 
0.35 g/cm 3 . Table 4 shows the results. 

Example 14 

20 

[0097] Naphthalene was polymerized under the same conditions as those in Example 13, then, the pressure was 
reduced to recover the catalysts, and further, nitrogen was introduced at 350 °C for 2 hours to obtain a mesophase 
pitch having an anisotropic content of 70 %. The above mesophase pitch was heat-treated at 450 °C for 1 hour to 
obtain a heat-treated mesophase pitch having a softening point of 234 °C according to a flow tester, a (H/C) of 0.550, 
25 a (Daromatic/Daliphatic) of 1 .68 and an aromatic carbon index fa value of 0.937. A carbon foam was produced in the 
same manner as in Example 1 . The carbon foam had a bulk density of 0.28 g/cm 3 . 

[0098] The above carbon foam was temperature-increased under a nitrogen atmosphere at a rate of 10 °C/hour. 
After the temperature reached to 1 ,000 °C, the temperature was maintained for 2 hours to calcinate the carbon foam. 
Successively, the carbon foam was temperature-increased under an argon atmosphere at a rate of 500 °C/hour. At 
30 2,800 °C, a graphitization treatment was carried out for 1 hour, to form a graphite foam. The graphite foam had a bulk 
density of 0.36 g/cm 3 . Table 5 shows the results. 

Example 15 

35 [0099] The same mesophase pitch as that used in Example 11 was pulverized with a coffee mill and a solvent ex- 
traction was carried out with a toluene solvent by means of a Soxhlet extractor. The extraction residue was an extraction 
mesophase pitch having a softening point of 300 °C or higher according to a flow tester, a (H/C) of 0.621 , a (Daromatic/ 
Daliphatic) of 0.596 and an aromatic carbon index fa value of 0.858. 

[0100] The powder of the extraction mesophase pitch was placed in a cylindrical vessel which was made of aluminum 
40 and had an internal diameter of 31 mm, a depth of 40 mm and an internal volume of 30.1 75 cm 3 , the cylindrical vessel 
was placed in the same airtight container made of SUS as that used in Example 11. The atmosphere in the airtight 
container was changed to a nitrogen atmosphere by a vacuum substitution. Then, the pressure was increased to 3.0 
MPa at room temperature. The temperature was increased up to 550 °C at a rate of 2 °C/minute while keeping the 
pressure of 3 MPa. The extraction mesophase pitch powder was maintained for 1 hour in this state, to form a carbon 
45 foam. The carbon foam had a bulk density of 0.26 g/cm 3 . The above carbon foam was temperature-increased under 
a nitrogen atmosphere at a rate of 10 °C/hour. After the temperature reached to 1 ,000 °C, the temperature was main- 
tained for 2 hours to calcinate the carbon foam. Successively, the carbon foam was temperature-increased under an 
argon atmosphere at a rate of 500 °C/hour. At 2,800 °C, a graphitization treatment was carried out for 1 hour, to prepare 
a graphite foam. The graphite foam had a bulk density of 0.34 g/cm 3 . Table 5 shows the results. 

50 



[0129] Table 4 





Example 11 


Example 12 


Example 13 


Raw material 


naphthalene 


naphthalene 


naphthalene 


Synthetic temperature (°C) 


265 


265 


245 


Catalyst ratio in synthesis (raw 
material/HF/BF 3 ) 


1/0.35/0.15 


1/0.35/0.15 


1/0.32/0.074 
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[0129) Table 4 (continued) 





Example 11 


Example 12 


Example 13 


Post treatment (1) 


350°C-10hours 
nitrogen 


350°C-10hours 
nitrogen 


350°C-20hours 
nitrogen 


Post treatment (2) 


470°C-0.5hour 


475°C-0.5hour 


Nil 


Extraction with toluene 


Nil 


Nil 


Nil 


Softening point (°C) 


295°C 


300°C or higher 


220°C 


H/C 


0.526 


0.492 


0.590 


Daroma/Dalipha 


1.341 


1.806 


0.576 


fa 


0.929 


0.947 


0.863 


Carbon foam 


Pressure (MPa) 


3.0 


3.0 


3.0 


Bulk density d (g/cm 3 ) 


0.36 


0.50 


0.25 


Graphite foam 


Bulk density d (g/cm3) 


0.47 


0.62 


0.35 


Daroma/Dalipha = Daromatic/Daiphatic 
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[0130 


Table 5 




Example 14 


Example 15 


Raw material 


naphthalene 


naphthalene 


Synthetic temperature (°C) 


245 


265 


Catalyst ratio in synthesis (raw material/HF/BF 3 ) 


1/0.32/0.074 


1/0.35/0.15 


Post treatment (1) 


350°C-2hours nitrogen 


350°C-10hours nitrogen 


Post treatment (2) 


450°C-1hour 


Nil 


Extraction with toluene 


Nil 


Carried out 


Softening point (°C) 


234 


300°C or higher 


H/C 


0.550 


0.621 


Daroma/Dalipha 


1.68 


0.596 


fa 


0.937 


0.858 


Carbon foam 






Pressure (MPa) 


3.0 


3.0 


Bulk density d (g/cm 3 ) 


0.28 


0.26 


Graphite foam 


Bulk density d (g/cm 3 ) 


0.36 


0.34 


Daroma/Dalipha = Daromatic/Daiphatic 



Claims 

55 1. A carbon foam obtainable by heat-treating a mesophase pitch whose softening point is 300 °C or less according 
to an elevated flow tester, whose ratio (Daromatic/Daliphatic) of the absorption intensity of an aromatic C-H stretch- 
ing vibration, measured with FT-IR, to the absorption intensity of an aliphatic C-H stretching vibration, measured 
with FT-IR, is 4.0 or less and whose optically anisotropic content is at least 80 %. 
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A carbon foam according to claim 1 , wherein the mesophase pitch has an aromatic carbon index fa value of from 
0.80 to 0.97, 

the aromatic carbon index fa value being represented by the formula (1), 

fa = 1 -(H/cyx(l+(Daromatic/Daliphatic) x . 

(ealiphatic/earomatic)) (1) 

in which (H/C) is an atom ratio of hydrogen to carbon in the pitch, (Daromatic/Daliphatic) is a ratio of the 
absorption intensity of an aromatic C-H stretching vibration, measured with FT-IR, to the absorption intensity of 
an aliphatic C-H stretching vibration, measured with FT-IR, x is an average number of hydrogen bonded to carbon 
other than aromatic carbon (x = 2), and (ealiphatic/earomatic) is a specific extinction (= 2). 

is 3. A carbon foam according to claim 1 or 2, wherein the mesophase pitch is obtained by polymerizing a fused poly- 
cyclic hydrocarbon or a substance containing a fused polycyclic hydrocarbon in the presence of hydrogen fluoride 
and boron trifluoride. 

4. A carbon foam according to any one of the preceding claims, wherein the heat treatment is carried out at a tem- 
20 perature of from 400 °C to 800 °C under the application of pressure of 0.1 MPa or more with an inert gas. 

5. A carbon foam according to claim 4, wherein the carbon foam is further heat-treated at a temperature of from 600 
°C to less than 2,000 °C. 

25 6. A carbon foam according to any one of the preceding claims, which has a bulk density of from 0.20g/cm 3 to 0.65g/ 
cm 3 and has a density, measured using helium as a substitution medium, of from 1 .3 g/cm 3 to 1 .5 g/cm 3 . 

7. A carbon foam according to any one of the preceding claims, which has a porosity p of from 50 % to 90 % and an 
open cell rate of from 90 % to 1 00 %, 
30 the porosity p being represented by the formula (2), 



2. 



5 



P=(1-d/Dr) x 100 (2) 

35 in which d is a bulk density and Dr is a density measured using helium as a substitution medium after the 

foam is pulverized to 150 microns or less, 

the open cell rate being represented by the formula (3), 

40 4> = D/Dr x 100 (3) 

in which D is a density measured using helium as a substitution medium and Dr has the same meaning as 
recited above. 

45 8. A carbon foam according to any one of the preceding claims, wherein the optical texture of the carbon constituting 
the foam is substantially 100 % anisotropic. 

9. A graphite foam obtainable by heat-treating a carbon foam according to any one of claims 1 to 8 at a temperature 
of 2,000 °C or higher. 

50 

10. A graphite foam according to claim 9, which has a bulk density of from 0.3 g/cm 3 to 1.0 g/cm 3 and has a density, 
measured using helium as a substitution medium, of 2.0 g/cm 3 or more. 

11. A graphite foam according to claim 9 or 10, which has a porosity of from 50 % to 90 % and an open cell rate of 
55 from 90% to 100%. 

12. A carbon foam obtainable by heat-treating, at a temperature of from 400 °C to 800 °C under the application of 
pressure of from 0.1 MPa to 5 MPa with an inert gas, at least one mesophase pitch selected from the group 
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consisting of the following mesophase pitches a, b, c and d which are obtained by polymerizing a fused polycyclic 
hydrocarbon or a substance containing a fused polycyclic hydrocarbon in the presence of hydrogen fluoride and 
boron trifluoride as catalysts, 

5 a. a mesophase pitch having an aromatic carbon index fa value of from 0.90 to 0.97, which mesophase pitch 

is obtained by removing the catalysts after the polymerization and then heat-treating the resultant pitch at a 
maximum treatment temperature in the range of from 300 °C to 500 °C, 

the aromatic carbon index fa being determined by the following formula (1 ), 

10 

fa= 1-(H/C)/x(l+(Daromatic/Daliphatic) x 

(ealiphatic/earomatic)) (1) 



15 in which (H/C) is an atom ratio of hydrogen to carbon in the pitch, x is an average number of hydrogen 

bonded to carbon other than aromatic carbon (x = 2), (Daromatic/Daliphatic) is a ratio of the absorption intensity 
(Daromatic) of an aromatic C-H stretching vibration, measured with FT-IR, to the absorption intensity (Daliphat- 
ic) of an aliphatic C-H stretching vibration, measured with FT -IR, and Ealiphatic/earomatic is a specific extinction 
(=2), 

20 b. a mesophase pitch which is obtained by carrying out the polymerization in a catalyst molar ratio (fused 

polycyclic hydrocarbon/hydrogen fluoride/boron trifluoride) of hydrogen fluoride/fused polycyclic hydrocarbon 
= 0.2-1 .0 and boron tr if luo ride/fused polycyclic hydrocarbon = 0.01 ~ 0.1 at a reaction temperature of from 
100 to 350 °C, removing the catalysts and then heat-treating the resultant pitch at a maximum treatment 
temperature in the range of from 300 °C to 500 °C, 

25 c. a mesophase pitch having a fa value of from 0.90 to 0.97 and a softening point, determined with a flow 

tester, of 300°C or less, which mesophase pitch is. obtained by removing the catalysts from the mesophase 
pitch obtained by polymerizing in the same catalyst molar ratio as that in the above b and at the same reaction 
temperature as that in the above b and then heat-treating the resultant mesophase pitch at a maximum treat- 
ment temperature in the range of from 400 °C to 500 °C, and 

30 d. a mesophase pitch obtained as a residue when at least one mesophase pitch obtained from the group 

consisting of the above a, b and c is extracted with a solvent 

13. A carbon foam according to any one of claims 1 to 8 or 12, which has a bulk density of 0.20 g/cm? or more. 

35 14. A process for the production of a carbon foam, comprising heat-treating the at least one mesophase pitch recited 
in claim 12 at a temperature of from 400 °C to 800 °C under the application of pressure of from 0.1 MPa to 5 MPa 
with an inert gas. 

15. A process according to claim 14, wherein, after the at least one mesophase pitch recited in claim 12 is pulverized 
40 and then molded at a room temperature or under heat, the molded mesophase pitch is heat-treated at a temperature 

of from 400 °C to 800 °C under the application of pressure of from 0.1 MPa to 5 MPa with an inert gas. 

16. A carbon foam obtainable by further heat-treating the carbon foam recited in claim 12 at a temperature of from 
600 °C to less than 2,000 °C. 

45 

17. A process for the production of a carbon foam, which process comprises further heat-treating the carbon foam 
recited in claim 12 at a temperature of from 600 °C to less than 2,000 °C. 

18. A graphite foam obtainable by heat-treating a carbon foam according to any one of claims 12, 13 and 16 at a 
50 temperature of 2,000 °C or higher. 

19. A graphite foam according to claim 18, wherein the graphite foam has a bulk density of 0.30 g/cm? or more. 

20. A process for the production of a graphite foam, which process comprises heat-treating the carbon foam recited 
55 in claim 12, 13 or 16 at a temperature of 2,000 °C or higher. 
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Fig. 1 




Fig. 2 
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